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The glaucoma is a diverse group of disorders that damage the optic nerve, resulting in 
characteristic optic nerve head cupping and visual field loss. It is the leading cause of 
blindness in the world. The WHO has estimated that worldwide blindness caused by 
glaucoma amounted to 5.2 million cases. It is going to increase in importance in this 
century. Although we have make a great improvement in the past few years, so far the 
vision lost to glaucoma is permanent, unlike cataract and other leading cause of world 
blindness. Hence, the only way to prevent blindness from glaucoma is to preserve vision 
by early detection and treatment. 
 
Myopia is a rapidly worsening public health problem in East Asia. Surveys have indicated 
that myopia afflicts 25% of 7 year olds, 33% of 9 year olds, 50% of 12 year olds and 
more than 80% of 18 year old males in Singapore. Other reports also showed that Japan, 
Chinese’s mainland and Singapore have the highest prevalence in the world. Now, we 
know myopia is associated with an increased incidence of primary open angle glaucoma 
and myopic eyes are also more susceptible to the glaucomatous damage. Myopic 
subjects had a twofold to threefold increased risk of glaucoma compared with that of 
non-myopic subjects. On the other hand, due to the different morphology of optic nerve 
head (ONH) in highly myopic eyes, it is difficult to differeniate the highly myopic ONH 
with early glaucomatous damage from the ONH without glaucomatous damage.  
 
Several methods have been used to evaluate the ONH. They include: ophthalmoscopy, 
stereophotography, optic nerve head morphometry, nerve fiber layer analysis and so on. 
Recently, the confocal laser scanning ophthalmoscope has been developed for objective, 
 XI
three-dimensional assessments of ocular tissues, such as the retina and optic disc. The 
HRT generates a large number of measurement parameters. Several authors have 
looked at these parameters in detail to determine which are of use to distinguish 
between normal and glaucomatous optic discs. Various approaches to data analysis have 
been taken and reached different result. Anyway, these results demonstrate that the 
HRT is able to differentiate between normal and obviously glaucomatous eyes with a 
high degree of accuracy. 
 
Although HRT has some advantages, a lot of previous studies also demonstrated that 
diagnostic ability of HRT has achieved a level of sensitivity and specificity that is suitable 
for clinic use. However, in high myopic patients, because of the different shape of optic 
nerve head, the diagnostic precision of HRT-II is very low in the same context. 
 
To improve the clinical value of HRT-II in high myopia, data was collected on evaluate 
the morphology of optic nerve head (ONH) in highly myopic eyes using the standard 
software of HRT-II. The significant difference of disc morphology has been found 
between the normal and glaucomatous optic nerve heads. Individual disc sector damage 
also occurs more early and severely in early open angle glaucoma patients with high 
myopia. 
 
On the other hand, our study also showed that some of the HRT-II’s parameters were 
erroneously estimated in highly myopic ONH. Disc area, cup area, cup/disc ratio and cup 
volume were under-estimated, whilst other parameters such as: rim volume, retinal fiber 
layer thickness and reference height, were over-estimated.  
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 To overcome these problems, a set of new parameters were introduced in this study.  
We calculated the slope gradient of optic disc and found that there is significant tilting in 
highly myopic discs with and without early open-angle glaucoma. This tilt inclined from 
the nasal to temporal side. This is in agreement with what we can often see in clinic. By 
evaluating the relationships between the slope gradient and the HRT-II parameters, we 
found that the disc tilt has a significant influence with nearly all of the HRT parameters, 
including the disc area, cup area, rim area, cup volume, rim volume est., thereby leading 
to measurement error. 
 
Due to the significant difference in morphology between non-highly myopic ONH and 
highly myopic ONH, it is difficult for the standard protocol to differentiate the 
glaucomatous ONHs from normal ONHs in all condition. Based on discriminant analysis 
function, two formulas were separately developed for not highly myopic ONHs and 
highly myopic ONHs. We compared the sensitivity, specificity and diagnostic value of our 
method with standard method and found that new method produced better result than 
previous method, especially in highly myopic eyes.  
 
In conclusion, the method we have developed in this study has the potential to be used 
as a reliable diagnostic adjunct for glaucomatous patients with high myopia. 
Furthermore, we can incorporate some new parameters and formulas into HRT-II’s 
software to improve its diagnostic precision when we use it to scan highly myopic 
patients.   
 
 XIII
Chapter 1 Introduction 
Chapter 1 Introduction 
 
1.1 Introduction to the Eye 
 
The eye is an important organ in the human body. It helps us to perceive the visual 
world as a result of the transmission of a sequence of signals from the eye to the 
brain. Understanding the normal function of the eye enables us to identify where, 
and how, the eye fails in disease states. 
 
 
Figure 1.1 Section diagram of the eye 
 
When light rays enter the eye through the transparent cornea, the lens focuses the 
image of the world outside on light-sensitive elements (the photoreceptors - rods for 
 1
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night vision and cones for daylight and colour vision) at the back of the eye. These 
connect to other nerve cells at the back of the eye in a delicate and thin structure 
called the retina. The retina is the innermost of the three coats of the eye. This layer 
is in the image plane of the eye’s optic system and is responsible for converting 
relevant information from the image of the external environment into neural impulse 
that are transmitted to the brain for decoding and analysis. The information is sent 
to the brain in a large bundle of nerve fibers leaving the back of the eye. They leave 
at the optic disk and form the optic nerve.  
The fibers in the optic nerve pass to the brain where they connect in a special 
structure called the lateral geniculate nucleus which in turn sends connections to the 
visual cortex. Once in the cortex the visual information is processed in parallel 
through many cortical areas each specializing in particular aspects of the visual world. 
Through many complex connections between the different visual cortical areas our 
perception of the visual world is integrated into the image we see in our mind's eye.  
 2
Chapter 1 Introduction 
 
Figure 1.2 Visual perception 
A special aspect to emphasize about the visual process is that many things happen in 
parallel and that separate channels of output from the retina carry different types of 
information about the visual world. These may be differentially affected by disease 
processes. One channel (the magnocellular pathway) carries information especially 
important to the processing of visual motion and another (the parvocellular pathway) 
carries information that underpins color vision and the fine resolution of form.  
Even a minor error that occurs on any component of the eye can damage its 
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1.2 Glaucoma 
 
The term glaucoma covers a diverse group of disorders that damage the optic nerve, 
resulting in characteristic ONH cupping and visual field loss. It is the leading cause of 
blindness in the world [3]. It is responsible for 80,000 of the 500,000 legally blind 
people in the US [1]. The worldwide incidence of glaucoma has been estimated by 
various authors as between 0.47% and 8% [2]. The WHO has estimated that 
worldwide blindness caused by glaucoma amounted to 5.2 million cases [4]. It is 
going to increase in importance this century. Although we have made great 
improvements in recent years, so far the vision lost to glaucoma continues to be 
irreversible, unlike cataract and other leading causes of world blindness.  
 
                  
Figure 1.3 View of normal vision vs. glaucoma 
 
1.2.1 Classification  
 
The glaucomas are a group of potentially blinding ocular conditions. Because the 
pathology, physiology, clinical presentation and treatment of the different types of 
 4
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glaucoma are so varied, there is no single definition that adequately encompasses all 
forms. The classification that follows is from “Becker-Shaffer’s Diagnosis and Therapy 
of the Glaucomas”. This classification is not meant to be all-inclusive, but to be an 
aid in thinking about pathogenesis and treatment [5]. 
 
I. Angle-closure glaucoma 
A. With pupillary block 
1. Primary angle-closure with pupillary block 
2. Secondary angle- closure with pupillary block 
B. Without pupillary block 
1. Primary angle-closure without pupillary block 
2.  Secondary angle- closure with pupillary block 
 
II. Open-angle glaucoma 
A. Primary open-angle glaucoma 
1. IOPs higher than “normal range” 
2. IOPs within “normal range” (normal tension glaucoma) 
B. Secondary open-angle glaucoma 
 
III. Combined-mechanism glaucoma 
A. Open-angle glaucoma complicated by angle-closure glaucoma 
B. Mixed-mechanism angle-closure glaucoma with trabecular damage 
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IV. Developmental glaucoma 
A. Primary congenital glaucoma 
B. Secondary glaucoma 
 




Primary open-angle glaucoma (POAG) is a generally bilateral although not necessarily 
a symmetrical disease, characterised by the following [6]: 
1. Adult onset. 
2. An IOP>21mmHg at some point in the course of the disease. 
3. An open angle of normal appearance. 
4. Glaucomatous optic nerve head (ONH) damage. 
5. Visual field loss 
 
Despite this definition it should be emphasized that approximately 16% of all 
patients with otherwise characteristic POAG will have IOPs consistently < 22mmHg 
and constitute a sub-group referred to as “normal-tension glaucoma” [8, 9, 10]. POAG is 
the most prevalent of all glaucomas, affecting approximately 1 in 100 of the general 
population over the age of 40 years [11, 12]. 
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ONH changes are the hallmark of glaucomatous damage. Its development is 
associated with loss of tissue in neuroretinal rim of the ONH and a consequent 
increase in the size of the optic cup. Glaucomatous cupping consists of backward 
bowing of the lamina cribrosa, elongation of the laminar beams, and loss of the 
ganglion cell axons in the rim of neural tissue [85]. The spectrum of disc damage in 
glaucoma ranges from highly localized tissue loss with notching of the neuroretinal 
rim to diffuse concentric enlargement of the cup. Because glaucomatous ONH 
changing can occur before the visual field lost, it is important for ophthalmologist to 
describe these changes when they assess the suspected glaucomatous patients. 
 
1.2.2.2 Risk factors and association of POAG  
 
1. Age: POAG is more common in older individuals and most cases present after the 
age of 65 years [6].  
2. Race: POAG is significantly more common, develops at an earlier age, and is 
more severe in blacks than in whites [6]. 
3. Family history and inheritance: POAG is frequently inherited, probably in a 
multifactorial manner. The responsible gene is thought to show a lack of 
penetrance and a variation in expressivity in some families. The level of IOP, 
facility of outflow and optic disc size are also genetically determined. First-degree 
relatives of patients with POAG are at increased risk of developing the disease [6].  
4. Myopia is associated with an increased incidence of POAG and myopic eyes are 
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also more susceptible to glaucomatous damage [6]. 
 
1.2.3 Clinical Diagnosis of Glaucoma 
 
In the broadest terms, glaucoma involves a study of the following [6]: 
1. Intraocular Pressure (IOP) 
2. Optic nerve head damage 
3. Visual field loss 






Myopia is defined as that optical condition of the non-accommodating eye in which 
parallel rays of light entering the eye are brought to a focus anterior to the retina [7]. 
It can also be described as the condition in which the far point of focus is located at 
some finite distance from the cornea. It is also called nearsightedness. The degree of 
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Figure 1.4 Mechanism of myopia 
 
Now, we know myopia is associated with an increased incidence of primary open 
angle glaucoma and myopic eyes are also more susceptible to the glaucomatous 
damage. Myopic subjects had a twofold to threefold increased risk of glaucoma 
compared with that of non-myopic subjects [8, 13, 14, 15]. The risk was independent of 




Stenstom's study in Uppsala, Sweden, consisted of clinic patients, colleagues, nurses, 
and cadet officers, which is a group more reflective of the general population. His 
study showed that about 29% of the population have low myopia (-2D), 7% have 
moderate myopia (-2-6D), and another 2.5% have high myopia (>-6D) [16]. Japan, 
Chinese’s mainland and Singapore have the highest prevalence in the world [17,18,19]. 
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Now myopia is a rapidly worsening public health problem in Singapore. Surveys have 
indicated that myopia afflicts 25% of 7 year olds, 33% of 9 year olds, 50% of 12 
year olds and more than 80% of 18 year old males in Singapore[19.22]. 
  
1.3.3 High myopia 
 
Low or moderate myopia is generally associated with normal fundus findings. 
Pathologic myopia, in which increased axial length and a history of progression 
occurs, is associated with secondary macular and peripheral changes. The retina 
appears thinned because of the enlarged eye. In addition, a localized posterior 
scleral thinning (staphyloma formation) can occur, which increases the axial length 
still farther. Bruch's membrane shows discontinuities, called lacquer cracks, which 
may lead to subretinal neovascularization. 
 
 
Figure 1.5 Myopic retinopathy (from Duane’s Ophthalmology) 
 
The retina posteriorly near the optic disc is stretched and thin. The retinal pigment 
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epithelium and outer retinal layers is degenerated (arrow). In highly myopic eyes, 
the ONH is significantly more oval and elongated in configuration and more obliquely 
oriented than in any other group (figure 1.6).  
 
          
Figure 1.6 The ONH appears oblique with increasing axial length 
 
1.3.4 The Optic Nerve Head in a Highly Myopic Glaucomatous Eye 
 
It has been proposed that myopic patients with typical tilt disks who develop 
glaucoma may represent a distinct group of glaucoma patients who develop a 
characteristic, myopic glaucomatous optic disc appearance [23, 24]. Disks of this type 
are tilted (obliquely implanted) with a shallow appearance, have a myopic temporal 
crescent of peri-papillary atrophy (as with non glaucomatous myopic optic disks), 
and show additional evidence of glaucomatous damage, usually in the form of 








Figure 1.7 HRT image of a highly myopic optic 
nerve head of glaucomatous eye.  
 
1.3 Heidelberg Retina Tomograph - II (HRT-II)[29] 
 
The Heidelberg Retina Tomograph is a confocal laser scanning system designed for 
acquisition and analysis of three-dimensional images of the posterior segment. It 
enables the quantitative assessment of the topography of ocular structures and the 
precise follow-up of topographic changes. In 1999, the HRTII was reduced and it is 
designed as a clinical instrument, specifically for topographic optic nerve head 
analysis, and it provides the essence of what has been learned with the original HRT 
over many years [25, 26, 27, and 28]. 
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Figure 1.8 Heidelberg Retina Tomography-II (HRT-II) (from Heidelberg engineering) 
 
1.4.1 Confocal Laser Scanning System [29] 
 
In a laser scanning system, a laser is used as a light source. The laser beam is 
focused to one point of the examined object. The light reflected from that point goes 
the same way back through the optics, is separated from the incident laser beam, 
and deflected to a detector. This allows measuring the reflected light only at one 
individual point of the object. In order to produce a two-dimensional image, the 
illuminating laser beam is deflected periodically in two dimensions perpendicular to 
the optical axis using scanning mirrors. Therefore, the object is scanned point by 
point sequentially in two dimensions. 
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In a confocal optical system a small diaphragm is placed in front of the detector at a 
location which is optically conjugated to the focal plane of the illuminating system. 
The effect of this confocal pinhole is as follows: such light reflected from the object 
at the focal plane is focused to the pinhole, can pass it and is detected. However, 
light reflected from layers of the three-dimensional object above or below the focal 
plane is not focused to the pinhole, and only a small fraction of it can pass the 
pinhole and is detected. 
 
 
Figure 1.9 Confocal laser scanning system (from Heidelberg engineering)  
 
Therefore, the out-of-focus light is highly suppressed with the suppression increasing 
rapidly with the distance from the focal plane. In consequence, a confocal laser 
scanning system has a high optical resolution not only perpendicular, but also parallel 
to the optical axis, that means into depth. A two-dimensional image acquired at the 
focal plane therefore carries only information of the object layer located at or near 
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the focal plane. It can be considered as an optical section of the three-dimensional 
object at the focal plane. 
 
 
Figure 1.10 A layer-by-layer three-dimensional image (from Heidelberg engineering) 
 
The figure 1.10 shows an example of a layer-by-layer three-dimensional image of an 
optic nerve head. This series consists of 32 confocal section images all at different 
focal planes. The field of view in this example is 15°. The series starts with the focal 
plane located in the vitreous. The whole image appears dark, because all structures 
are out of focus. As the focal plane is moved posteriorly, the retina becomes bright 
and appears brightest when the focal plane is located at its surface. When the focal 
plane is moved more posteriorly, the retina gets out of focus and becomes dark. 
Instead, the bottom of the cup becomes bright. When the focal plane is moved 
beyond the bottom of the cup, the whole image appears dark again. The total extend 
of this image series into depth, this is the distance between the first and the last 
image, is 2.5 mm. That means the focal plane distance between each two 
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subsequent images is about 80 µm. 
 
The layered three-dimensional image is used to compute the topography of the light 
reflecting surface. For each location (x,y) in the section image planes, the series 
contains the distribution of the reflected light intensity along the optical axis, the 
z-axis. This intensity distribution is called a confocal z-profile. The confocal z-profile 
is a symmetric distribution with a maximum at the location of the light reflecting 
surface. Because of the confocal suppression, the measured intensity drops rapidly 
with increasing distance from the surface's position. Therefore, by determination of 
the position of the profile maximum, we are able to determine the location of the 
light reflecting surface along the z axis. That is its height. 
 
Figure 1.11 Color scale in HRT (from Heidelberg engineering) 
 
In order to visualize the matrix of height measurements, it is displayed as an image. 
This is achieved by translating each specific height into a specific color according to 
a color scale with dark colors representing prominent structures and light colors 
representing depressed structures (figure 1.11). 
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The most important technical features of the Heidelberg Retina Tomograph are as 
follows: Two-dimensional optical section images are acquired within 32 milliseconds 
and with a repetition rate of 20 Hz. The images are digitized in frames of 256 x 256 
picture elements. A three-dimensional image is acquired as a series of 32 equally 
spaced two-dimensional optical section images. The total acquisition time is 1.6 
seconds. The light source is a diode laser with a wavelength of 670 nm. Pupil dilation 
is not required to acquire the images [30]; only 1 mm pupil diameter is usually 
sufficient to acquire high quality images. Topography images are computed from the 
acquired three-dimensional images, consisting of 256 x 256 individual height 
measurements which are absolutely scaled for the individual eye and have a 
reproducibility of the height measurements of approximately 10 to 20 microns. 
 
1.4.2 Analysis of topography images of optic nerve head 
 
The general application of the HRT is the quantitative assessment of the retinal 
topography and the quantification of topographic changes. Examples are the 
description of the glaucomatous ONH [31, 32, 33, 34], the analysis of macular holes [35, 36, 
37] and macular edema [38, 39], and the analysis of nerve fiber layer defects [40, 41, 42]. 
Glaucoma involves a loss of nerve fibers and subsequent loss of visual field. The loss 
of nerve fibers causes changes in the three-dimensional topography of the ONH 
which are believed to precede measurable visual field defects by years. 
 17
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The goal of the topographic analysis of the ONH is either a quantitative description of 
its current state with the goal of a classification - e.g. normal or not normal - or a 
comparison of more than one topography image in order to follow up topographic 
changes and to quantify progression of glaucoma. 
 
1.4.2.1 Reference plane 
 
 
Figure 1.12 Reference plane (from Heidelberg engineering) 
 
To perform stereometric measurements, a contour line is drawn around the disk 
margin. The HRT operation software automatically defines a reference plane for each 
individual eye as indicated in figure 1.12. The black line represents a cross section 
through a cross-section through an ONH. The reference plane is defined parallel to 
the peripapillary retinal surface and is located 50 microns beneath the retinal surface 
at the papillo-macular bundle.  
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Figure 1.13 Sector of neuro-retinal rim used to define the retinal surface height. 
 
The reason for this definition is that during development of glaucoma the nerve 
fibers at the papillo-macular bundle remain intact longest and the nerve fiber layer 
thickness at that location is approximately 50 microns [43]. We can therefore assume 
that a stable reference plane is located just beneath the nerve fiber layer.  
 
1.4.2.2 Optic Disc Measurement  
 
The HRT can automatically calculate a set of stereometric parameters based on the 
reference plane. All structures located below the reference plane are considered to 
be cup. All structures located above the reference plane and within the contour line 
are considered to be rim (figure 1. 14). 
 
The reproducibility of the stereometric parameters was evaluated in different clinical 
studies including normal and glaucomatous eyes [28, 30]. The typical coefficients of 
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variation for area, volume and depth measurements turned out to be about 5 %. 
 
 
Figure 1.14 Optic disc measurements 
 
1.4.2.3 Using stereometric parameters to detect glaucoma  
 
More advanced methods [44, 45, 46] for the classification of an individual eye into a 
normal or a glaucoma group are provided by two approaches: the multivariate 
analysis and the analysis of ranked sector distribution curves. Multivariate analysis 
studies of the HRT’s stereometric parameters that take into account not individual 
but combinations of parameters were performed by Airaksinen and coworkers, Burk 
and coworkers, and Mikelberg and coworkers[46]. They all found that the three 
parameters (cup shape measure, rim volume and retinal surface height variation 
along the disk contour) are, as a group and in this order, the most important 
parameters to differentiate between a normal and a glaucomatous ONH. 
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Mikelberg and coworkers computed a discriminant function based on this analysis. 
They tested normal eyes against eyes with early visual field defects. The discriminant 
function is a linear combination of the three parameters cup shape measure, rim 
volume and contour line height variation. An eye is classified as being normal if the 
discriminant function value F is positive; it is classified as glaucomatous if F is 
negative. With this approach, Mikelberg and coworkers found that the detection of 
early glaucomatous damage is possible with a sensitivity of 87% and a specificity of 
84% [46]. 
 
1.4.3 The limitation of Confocal Scanning Laser Ophthalmoscopy in High 
Myopia 
 
In previous studies, it demonstrated that the diagnostic ability of the HRT has 
achieved a level of sensitivity and specificity that is suitable for clinic use. However, 
in highly myopic patients, because of the different shape of ONH, the diagnostic 
precision of the HRT-II is very low in the same context.   
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The HRT requires the subjective definition of the edge of the ONH by the operator. 
That would inevitably increase the inter- and intra-observer variations [47]. 
 
The HRT uses a reference plane to divide the cup and the rim, thus reducing the 
subjective input of the operator. However, a mechanically created reference plane 
cannot adapt to the differing shape and tilt of the ONH. Actually, because the 
appearance of the optic disc varies among individuals, it is very difficult to define 
what is a “normal optic nerve head”, especially in myopia. 
 
Currently, no studies have been undertaken to evaluate and establish normal values 
for patients with high myopias (of more than –6.0D) who undergo ONH imaging with 
the HRT- . Given the high prevalence of myopia in Singapore and East Asia, there Ⅱ is 
an urgent need for the development of such a database in this region. 
 
1.5 Aim of Study 
 
We designed this study for following purposes: 
• To investigate the morphology of optic nerve head in high myope. 
• To investigate how optic nerve head tilt in highly myopic eyes influences the 
HRT-II. 
• To improve the diagnostic ability of HRT. 
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2.1.1 Normal Subjects 
 
Two groups of normal subjects, (a) highly myopic subjects without glaucoma and 
(b) non-highly myopic subjects without glaucoma were recruited from friends or 
spouses of patients, NUS graduate students and NUH staffs. The second group included 




• Visual acuity better than 20/40. 
• Intraocular pressure less than 21mmHg 
• Normal visual field test 
• No previous ocular surgery 
• No history of diabetes 
• No history of primary open angle glaucoma in a first-degree relative. 
 
The normal subjects were further sub-divided into two groups based on refraction (-
6.0D). Due to the nature of this study, optic nerve head appearance was not used as a 
parameter for inclusion. 
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2.1.2 Early Open-angle Glaucoma Subjects 
 
Two groups of early open angle glaucoma patients, with and without high myopia, were 
recruited from the glaucoma clinic of the Department of Ophthalmology, National 
University Hospital, from 01/04/2002 to 01/05/2003.  
 
The inclusion criteria show as below: 
 
• visual acuity better than 20/40 
• early visual field defects [as defined by AGIS (see page 30-31) and Only patients 
scoring 1-5 (early glaucoma) were included] 
• No recent ocular trauma or surgery(<1 year) 
• No other posterior ocular pathology 
• No history of diabetes 
 
The early open angle glaucoma subjects were further sub-divided into two groups based 




The clinical examination consisted of:  
1. Logmar visual acuity.  
2. Autorefraction.  
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3. Slit lamp biomicroscopy.  
4. Goldmann IOP measurement.   
5. Gonioscopy. 
6. Visual field testing.  
7. Optic nerve head imaging.  
 
2.2.1 Visual Acuity  
 
Visual acuity was measured by using a logMAR chart under standard lighting. 
 Figure 2.1 LogMAR chart 
 
The LogMAR chart is of superior design to the Snellen chart and has been used in 




This was done measured by using an autorefractor (Nikon) and then refined by 
subjective refraction by an optometrist without cycloplegia. 
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2.2.3 Slit lamp biomicroscopy 
 
The slit-lamp examination looks at structures that are at the anterior segment of the 
eye. 
 
Figure 2.2 Slit lamp biomicroscopy 
 
 The slit-lamp is an instrument used with a high-intensity light source that can be 
focused to a slit beam. It is used with the biomicroscope (an optical instrument that is 
like a microscope with two eyepieces). 
 
2.2.4 Goldmann IOP test 
 
The Goldmann Applanation Tonometer is the international clinical standard for 
measuring IOP. It flattens an area of the cornea of 3.06mm in diameter. The force 
required to make this indentation is then measured. Three readings were taken from 
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each eye under study by the same investigator (A/Prof Chew). One drop of a topical 
anaesthetic (0.5% Proparacaine) and one drop of 0.25% Sodium Fluorescein was used 




The Zeiss four-mirror lens was applied to view the anterior chamber angle in this study. 
One drop of topical anesthesia was used. The grading of the angle width was recorded 
using the Shaffer grading system [6]. 
 
z Grade 4 (35-45º) is the widest angle characteristics of myopia  and aphakia in 
which the ciliary body can be visualized with ease. 
z Grade 3 (25-35º) is an open angle in which at least the scleral spur can be 
identified. 
z Grade 2 (20º) is a moderately narrow angle in which only the trabeculum can 
be identified. 
z Grade 1 (10º) is a very narrow angle in which only the Schwalbe line, and 
perhaps also the top of the trabeculum , can be identified. 
z A slit angle is one in which there is no obvious iridocorneal contact but no angle 
structures can be identified. 
z Grade 0 (0º) is a closed angle due to iridocorneal contact and is recognized by 
the inability to identify the apex of the corneal wedge. 
 27
Chapter 2 Materials and Methods 
 
Figure 2.3 Diagrammatic representation of angle grading (from Duane’s Ophthalmology) 
 
Only the subjects with grade 3 and grade 4 anterior chamber angle (open angle) were 
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2.2.6 Humphrey visual field test 
 
All visual field testing was performed using the Humphery visual field analyzer in NUH. 
The Humphrey visual field analyzers used in this project were equipped with the 
STATPAC-2 software. Visual field examiners in this project were trained technicians. 
 
                                           
Figure 2.4 Humphrey® Field Analyzer 
 
The perimeter was set for the central 24-2 threshold test with the size III white test 
stimulus, full-threshold strategy, and with the foveal threshold and fluctuation tests 
turned on. The pupil diameter had to be 2 mm or more before testing began. Where 
necessary, the pupil was dilated before the test with a cycloplegic agent .  
 
For each test, an appropriate age-related plus-power lens was added to the distance 
refraction for best-corrected vision. The strength of the plus-power spherical lens to be 
added to the best-corrected distance refraction for visual field testing was determined as 
follows: For the patients aged between 40-44, the age-related add is combined with the 
spherical lens with power of +1.00 dioptre. For the patients aged between 45-49, the 
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age-related add is combined with the spherical lens with power of +1.50 diopter. For the 
patients aged between 50-54, the age-related add is combined with the spherical lens 
with power of +2.25 diopters. For the patients aged above than55, the age-related add 
is combined with the spherical lens with power of +3.00 diopters (Table 2.1).  
 
Table 2.1 Age-related plus-power in this study 
Age-related plus-power in this study 







For the patients with cycloplegic or aphakic eyes, the age-related add is combined with 
the spherical lens with power of +3.00 diopters regardless of age. Patients with reduced 
amplitude of accommodation (i.e., less than the amount expected for their age) may be 
given a stronger add, up to 3 diopters. For the eyes with cylindrical refractive errors of 
less than 1.00 diopter, the age-related add is combined with spherical equivalent of the 
distance refraction. For eyes with larger cylindrical refractive errors, the cylindrical lens 
was used during testing. 
 
The room lights were dimmed and oriented so that no light fell directly on the patient or 
the perimeter. Examiners were trained to give the patient occasional encouragement 
and reminders to blink and maintain fixation. The right eye was tested before the left. 
Each patient rested outside the testing room while the test results of the STATPAC-2 
single field analysis of both eyes were printed. 
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The reliability criteria assessment of the automated visual field tests was based on: 
fixation losses < 30%, false positive responses < 15%, and false negative responses < 
30%. A normal visual field was taken to be one in which the retinal sensitivity at all 
locations was better than the eccentricity related thresholds given in the Advanced 
Glaucoma Intervention Study (AGIS) protocol [. The AGIS visual field defect score is 
based on the number and depth of clusters of adjacent depressed test sites in upper 
and lower hemifields and in the nasal area of the total deviation printout of the 
threshold program single-field test STATPAC-2 analysis. The score ranges from 0 (no 
defect) to 20 (all test sites deeply depressed). Only patients scoring 1-5 (early 
glaucoma) were included. Visual fields were assessed by an independent glaucoma 
expert without access to clinical information, so that optic disc assessment did not forms 
part of the diagnostic criteria. 
 
In the group of patients who were clinically deemed to have both glaucomatous optic 
neuropathy as well as high myopia, some difficulty was encountered in determining 
whether the scotomata could purely be ascribed to a glaucomatous process, and not 
chorio-retinal degeneration [87]. However, in a recent study, Tin Aung et al reported that 
the surprisingly low prevalence of visual field defects in his myopic population disputes 
the widely held view that myopia is associated commonly with visual field abnormalities 
[88]. He also suggested that if visual field abnormalities are found in myopic individuals 
suspected of having glaucoma, it is likely that such defects are not related to myopia but 
are the result of real pathology. 
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The visual field defects in our patients who had both glaucoma and myopia were 
clinically verified by a glaucomatologist (A/Prof Chew) to exclude scotomata due to 
myopic chorio-retinopathy. These defects were also usually found to be progressive over 
a period of clinic attendance. 
 
2.2.7 Optic nerve head imaging 
 
All subjects underwent optic disc analysis with a Heidelberg Retina Tomograph- . The Ⅱ
Heidelberg Retina Tomograph-  is a confocal laser scanning system for acquisition and Ⅱ
analysis of three-dimensional images of the posterior segment of the eye.  
 
The operation of the HRT-II is very simple. There is no need to dilate the pupil of the 
eye under examination. The first step in an examination with the HRTII is to enter the 
patient's name and to select Acquisition. The camera switches on and is in live mode 
automatically. Next is a rough setting of the examined eye's refraction at the camera. 
Then the camera is adjusted so that the laser beam enters the pupil, while the patient 
fixates on the internal fixation light that automatically center the optic nerve head in the 
image. If the adjustment is satisfactory, the 'acquisition' button on the rear of the 
camera is pressed. The camera then performs an automatic pre-scan with 4 to 6 mm 
depth. From the images obtained in this pre-scan, the software computes and 
automatically sets: the correct location of the focal plane, the required scan depth for 
that eye, and the proper sensitivity to obtain images with the correct brightness. 
Immediately afterwards, the system automatically acquires three three-dimensional 
images with the pre-determined acquisition parameters. The size of the field of view is 
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fixed at 15° x 15°, and digitization is performed in frames of 384 x 384 pixels. That 
means, even though the size of the field of view is 15 degrees, the spatial resolution is 
the same as in 10-degree HRT images (10 µm/pixel). The number of image planes 
acquired per series depends on the required scan depth; 16 images per mm scan depth 
are acquired. There is an automatic online quality control during image acquisition: If 
one or more of the acquired image series cannot be used for any reason (e.g., the 
patient lost fixation), additional images are then automatically acquired, until three 
useful image series have been obtained. When image acquisition is completed, the 
camera is switched off automatically. The acquired images are saved on the hard disk 
and the three topography images, as well as the mean topography image are computed 
automatically.  
This concludes the image acquisition process. At this point, the only manual step in the 
analysis process require is the definition of the optic disk margin. The contour line 
(defined as the inner aspect of the scleral ring) was drawn by one investigator (Zheng) 
and one senior technician (Zaina). All of the HRT contour lines were made consistent 
among the investigators (Zheng, Wong and A/Prof Chew).  After definition of the disk 
contour, the automatic analysis continues with the computation of the stereometric 
parameters, the classification of the eye, a comparison to previous examination (if 
existing), and the presentation of the results. 
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Figure 2.6 drawing the contour line 
 
The following data were collected in this study: disc area, cup area, rim area, cup/disc 
area ratio, rim/disc area ratio, cup volume, rim volume, mean cup depth, maximum cup 
depth, height variation contour, cup shape measure, mean RNFL thickness, RNFL cross 
sectional area, horizontal cup/disc ratio, vertical cup/disc ratio, maximum contour 
elevation, maximum contour depression, CLM temporal-superior, CLM temporal-inferior, 
average variability(SD), reference height, FSM discriminant function value and RB 
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Table 2.2 Description of HRT topographic parameters 
Description of HRT topographic parameters 
disc area Area of optic disc. (Total area enclosed by the contour line) 
rim area 
 Area of neuroretinal rim (green and blue). Area enclosed by the contour line 
and located above 
rim volume 
Volume of neuroretinal rim. Volume enclosed by the contour line and located 
above the reference plane 
Cup area Area within the contour line and below the reference plane 
Cup disc area ratio Ratio between area of disc cupping and area of optic disc 
Cup volume volume within the contour line and below the reference plane 
mean cup depth Mean depth of optic disc cupping 
maximum cup depth Maximum depth of optic disc cupping 
cup shape measure Measure for the overall three-dimensional shape of the optic disc cupping 
height variation contour 
Height variation of the retinal surface along the contour line: height 
difference between the most elevated and most depressed point of the 
contour line 
Retinal nerve fibre layer 
thickness 
mean distance between the retinal surface along the contour line and the 
reference plane 
RNFL cross sectional 
area 
Total cross sectional area of the retinal nerve fiber along the contour line 
(measured relative to the reference plane) 
maximum contour 
elevation 
Location of the highest point of the retinal surface along the contour line, 
measured relative to the mean height of the peripapillary retinal surface. 
maximum contour 
depression 
Location of the deepest point of the retinal surface along the contour line, 
measured relative to the mean height of the peripapillary retinal surface. 
CLM temporal-superior 
Contour line moduation temporal to superior: difference between the mean 
height of the retinal surface along the contour line in the temporal quadrant 
and the temporal-superior octant 
CLM temporal-inferior 
Contour line moduation temporal to inferior: difference between the mean 
height of the retinal surface along the contour line in the temporal quadrant 
and the temporal-inferior octant 
Reference height 
corresponds to the reference plane (located 50um posterior to the mean 
height of the contour between -10 and -4 in the inferior temporal quadrant) 
average variability (SD) Average variability of all measurement points enclosed by the contour line. 
FSM FSM discriminant function value according to Mikelberg et al. 
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Figure 2.7 Sample of HRT-II parameters 
 
 
2.3 Statistical Analyses 
 
Statistical analysis was performed on the computer (SPSS for Windows, ver. 10.0; SPSS, 
Chicago, IL).  
 
Differences between parameters in the two groups were compared by Student’s t-test. 
Interrelationships of these parameters were evaluated by calculating Pearson’s 
correlation coefficients. 
 
Discriminant analysis was used to identify and combine the most useful parameters of 
each imaging method. Discriminant analysis is a technique that helps identify what 
characteristics best distinguish the differences between predefined groups. Discriminant 
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analysis combines the original variables to generate a new variable in such a way that 
the measurable differences between the groups are maximized. In all our discriminant 
analyses, a diagnostic score of 0 for normal or 1 for glaucoma was entered as the 
dependent variable. To evaluate diagnostic categorization, measurement data were 
entered together as the independent variables included in the analysis (“group 
discriminant analysis”). In each analysis, each subject was classified by the functions 
derived from all the other subjects using the “leave-one-out” method. The relative 
importance of each component of a set of independent variables was assessed by 
stepwise discriminant analysis. A total of 91 variables were entered into grouped and 
stepwise discriminant analyses. They were included the global and six sectional data of 
cup area, rim area, cup-to-disc area ratio, rim volume, cup volume, cup shape measure, 
height variation contour, mean cup depth, RNFL height and cross-sectional area, and 
cup shape measure. We also include of 4 specifically designed Tilt Values, reference 
height and linear cup/disc ratio into this discriminant analysis function.  
 
The sensitivity, the specificity, and the diagnostic precision (diagnostic precision is the 
proportion with or without the disease as identified by the test) were calculated to 
evaluate the clinical diagnostic ability of the HRT-II. The receiver operating characteristic 
(ROC) curve was generated from different methods. For each method, the analysis 
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Result 
 
3.1 Comparison of HRT parameters between eyes with and without 
high myopia 
 
3.1.1 Demographic Characteristics of Subjects 
 
The study population characteristics are summarized in Table 3.1, Table 3.2, and 
Table 3.3, which are shown below. 
 
 
Table 3.1 Distribution of 4 subjects groups. 
  
Without High Myopic 
(>-6.0D)  
With High Myopic 
(=<-6.0D)  Total 
Normal 20 48 68 
Patients with Glaucoma 
(early visual field 
defect) 40 48 88 
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Table 3.2 Demographic characteristics of normal non-glaucomatous subjects 
Characteristics of the Normal Subjects 
  
Without high 
Myopia With High Myopia p value 
Number 48 20  
Age 43.75±15.53 36.95±13.03 0.070 
Chinese Race(%) 89.60% 100%  
Refractive error -1.43±1.50 -7.72±1.37 0.000 
Visual field MD -0.80±1.74 -1.70±1.68 0.087 
HRT Std Dev 15.67±6.28 18.45±7.84 0.127 
Data expressed as mean ± standard deviation 
 
The mean ages of the groups of normal subjects were significantly different. Chinese 
comprised the great majority in both. There was no significant difference in visual 
field MD and HRT Std Dev between two groups. The HRT Standard deviation (HRT 
Std Dev) was attended to ensure that there was no significant different in the quality 
of the HRT Scans between the 2 groups. 
 
The range of visual field MD for normal non-glaucomatous subjects 
without high myopia is -0.80±1.74. The range of visual field MD for 
normal non-glaucomatous subjects with high myopia is -1.70±1.68. 
No significant difference was found between the 2 groups. 
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Table 3.3 Demographic characteristics of glaucoma subjects 
Characteristics of the Glaucoma Subjects 
  
Without High  
Myopia With High Myopia p value 
Number 48 40  
Age 61.63±11.39 47.60±13.13 0.000 
Chinese Race(%) 81.30% 92.50%  
Refractive error -0.45±1.92 -8.16±3.55 0.000 
Visual field MD -5.34±2.73 -5.05±2.65 0.616 
HRT Std Dev 19.94±7.95 20.18±6.80 0.882 
Data expressed as mean ± standard deviation 
 
In the glaucoma subjects, the mean age between the 2 groups was also significantly 
different. There was also no significant difference of visual field MD and HRT Std Dev 
between two groups. 
 
The range of visual field MD for glaucomatous subjects without high 
myopia is -5.34±2.73. The range of visual field MD for glaucomatous 
subjects with high myopia is -5.05±2.65. No significant difference was 
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3.1.2 Comparison of HRT Parameters 
 
The comparison of HRT parameters is summarized in tables 3.4、3.5、3.6 and 3.7 
shown as below. 
When we compared the parameters between with high myopic and without high 
myopic groups (in table 3.4 and table 3.5), the main findings are: 
1. The mean value of rim area was greater in with high myopic subjects.  
2. The mean value of rim volume was greater in with high myopic subjects. 
3. The mean value of maximum contour depression in with high myopic subjects 
was greater.  
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Table 3.4 Comparison of HRT parameters in normal subjects with and without 
high myopia 
  Without myopia 
(>-6.0D) 
With High Myopia 
(=<-6.0D) 
p value 
disc area 2.168±0.492 2.158±0.783 0.959 
cup area 0.669±0.412 0.449±0.536 0.070 
rim area 1.499±0.303 1.710±0.397 0.042 
cup/disc area ratio 0.291±0.142 0.170±0.153 0.030 
rim/disc area ratio 0.714±0.137 0.83±0.153 0.03 
cup volume 0.165±0.146 0.089±0.187 0.076 
rim volume 0.373±0.126 0.533±0.229 0.007 
mean cup depth 0.237±0.095 0.176±0.078 0.013 
max cup depth 0.632±0.222 0.479±0.163 0.007 
height variation contour 0.377±0.082 0.446±0.156 0.071 
cup shape measure -0.171±0.084 -0.175±0.062 0.837 
mean RNFL thickness 0.249±0.065 0.314±0.123 0.034 
RNFL cross sectional area 1.274±0.307 1.572±0.562 0.035 
linear cup/disc ratio 0.517±0.154 0.356±0.214 0.005 
max contour elevation -0.022±0.070 -0.007±0.121 0.603 
max contour depression 0.353±0.101 0.440±0.139 0.006 
CLM temporal-superior 0.215±0.070 0.277±0.121 0.046 
CLM temporal-inferior 0.158±0.075 0.186±0.114 0.316 
average variability 0.021±0.010 0.035±0.047 0.197 
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Table 3.5 Comparison of HRT Parameters in Glaucoma Subjects with and without 
high myopia 
  Without myopia 
(>-6.0D) 
With High Myopia 
(=<-6.0D) 
p value 
disc area 2.352±0.593 2.673±0.854 0.048 
cup area 0.970±0.457 1.057±0.806 0.549 
rim area 1.382±0.400 1.617±0.471 0.013 
cup/disc area ratio 0.402±0.140 0.360±0.201 0.233 
rim/disc area ratio 0.597±0.140 0.643±0.201 0.228 
cup volume 0.278±0.324 0.228±0.260 0.437 
rim volume 0.300±0.156 0.407±0.209 0.009 
mean cup depth 0.279±0.139 0.242±0.106 0.165 
max cup depth 0.684±0.267 0.621±0.231 0.236 
height variation contour 0.352±0.108 0.449±0.214 0.012 
cup shape measure -0.130±0.062 -0.134±0.071 0.735 
mean RNFL thickness 0.195±0.079 0.230±0.127 0.133 
RNFL cross sectional area 1.056±0.471 1.253±0.645 0.111 
linear cup/disc ratio 0.624±0.115 0.565±0.195 0.101 
max contour elevation 0.008±0.071 0.023±0.112 0.466 
max contour depression 0.360±0.095 0.471±0.170 0.000 
CLM temporal-superior 0.168±0.105 0.197±0.138 0.259 
CLM temporal-inferior 0.107±0.088 0.089±0.142 0.488 
average variability 0.030±0.158 0.033±0.029 0.558 
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When we compared the parameters between the normal and glaucoma groups (in 
table 3.6 and table 3.7), we found that: 
1. The mean value of cup area and cup volume was greater in glaucomatous 
subjects. 
2. The mean value of rim volume was smaller in glaucomatous subjects. 
3. The mean value of cup/disc ratio was greater in glaucomatous subjects, as 
expected.  
4. The mean value of mean retinal nerve fiber layer thickness was smaller in 
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Table 3.6 Comparison of HRT parameters in non-highly myopia subjects with & 
without early glaucoma 
  Without High Myopia Subjects (>-6.0D) 
  Normal Early Glaucoma p value 
disc area 2.168±0.492 2.352±0.593 0.102 
cup area 0.669±0.412 0.970±0.457 0.001 
rim area 1.499±0.303 1.382±0.400 0.110 
cup/disc area ratio 0.291±0.142 0.402±0.140 0.000 
rim/disc area ratio 0.714±0.137 0.597±0.140 0.000 
cup volume 0.165±0.146 0.278±0.324 0.031 
rim volume 0.373±0.126 0.300±0.156 0.013 
mean cup depth 0.237±0.095 0.279±0.139 0.088 
max cup depth 0.632±0.222 0.684±0.267 0.291 
height variation contour 0.377±0.082 0.352±0.108 0.213 
cup shape measure -0.171±0.084 -0.130±0.062 0.007 
mean RNFL thickness 0.249±0.065 0.195±0.079 0.000 
RNFL cross sectional area 1.274±0.307 1.056±0.471 0.009 
linear cup/disc ratio 0.517±0.154 0.624±0.115 0.000 
max contour elevation -0.022±0.070 0.008±0.071 0.042 
max contour depression 0.353±0.101 0.360±0.095 0.743 
CLM temporal-superior 0.215±0.070 0.168±0.105 0.010 
CLM temporal-inferior 0.158±0.075 0.107±0.088 0.003 
average variability 0.021±0.010 0.030±0.158 0.002 
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Table 3.7 Comparison of HRT parameters in highly myopia subjects with & 
without early glaucoma 
  
With High Myopic Subjects(=<-6.0D) 
  Normal Early Glaucoma p value 
disc area 2.158±0.783 2.673±0.854 0.027 
cup area 0.449±0.536 1.057±0.806 0.001 
rim area 1.710±0.397 1.617±0.471 0.452 
cup/disc area ratio 0.170±0.153 0.360±0.201 0.001 
rim/disc area ratio 0.83±0.153 0.643±0.201 0.001 
cup volume 0.089±0.187 0.228±0.260 0.038 
rim volume 0.533±0.229 0.407±0.209 0.037 
mean cup depth 0.176±0.078 0.242±0.106 0.017 
max cup depth 0.479±0.163 0.621±0.231 0.018 
height variation contour 0.446±0.156 0.449±0.214 0.969 
cup shape measure -0.175±0.062 -0.134±0.071 0.032 
mean RNFL thickness 0.314±0.123 0.230±0.127 0.017 
RNFL cross sectional area 1.572±0.562 1.253±0.645 0.065 
linear cup/disc ratio 0.356±0.214 0.565±0.195 0.000 
max contour elevation -0.007±0.121 0.023±0.112 0.353 
max contour depression 0.440±0.139 0.471±0.170 0.474 
CLM temporal-superior 0.277±0.121 0.197±0.138 0.033 
CLM temporal-inferior 0.186±0.114 0.089±0.142 0.010 
average variability 0.035±0.047 0.033±0.029 0.796 
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3.1.3 New proposed parameters 
 
Besides the parameters which were auto-calculated by HRT, I introduced other into 
this study. 
In the assessment of the optic disc, I assigned the nasal rim to 180˚ and the 
temporal rim to 0˚. In highly myopia subjects, because of the peripapillary atropy on 
the temopral side, the nasal rim at 180˚ looks higher than that on the temporal side. 
This explains and describes the tile disc in such patient. In this study, some 
parameters were developed to quantify the degree of this tilt, which we have called 
the tilt value (TV). 
 
                  0˚          Tilt Value         180˚ 
 
Figure 3.1 tilt value (TV) expressed as the gradient between the temporal & nasal 
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A simple trigonometric function was used to calculate this value. It is the difference 
(RNFL thickness in temporal –RNFL thickness in nasal)
of retinal nerve fiber thickness between the nasal and temporal side, divided by 
diameter of the optic disc. The formula is shown below: 
 
Tilt value =  
                         Optic Disc Diameter 
 order to evaluate the morphology of tilt disc in a more three-dimensional fashion, 
• Tilt Value 1 (TV1): the mean gradient of the slope between the nasal and 
• slope between the super-nasal 
•  the inferior nasal 
• he superior and 
 
 
           = (N-T)/D    
(Diameter =2*√Disc area/3.14) 
 
In
4 parameters were calculated in this study. They were TV1, TV2, TV3 and TV4 (Fig 
3.2). 
 
temporal rim (180° to 0°) at the contour line. 
Tilt Value 2 (TV2): the mean gradient of the 
and infer-temporal rim (135° to 315°) at the contour line. 
Tilt Value 3 (TV3): the mean gradient of the slope between
and superior temporal rim (225° to 45°) at the contour line. 
Tilt Value 4 (TV4): the mean gradient of the slope between t
inferior rim (90° to 270°) at the contour line. 
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Figure 3.2 tilt values in different dir
 
The tilt values among the different group we
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Table 3.8 Comparison of Tilt Values in Normal Subjects, With & Without High Myopia 
  Normal Subjects 
  No-high myopia a p value Highly Myopi
tilted value 1 0.124±0.060 0.194±0.121 0.021 
tilted value 2 0.070±0.058 0.082±0.062 0.485 
tilted value 3 0.021±0.046 0.020±0.051 0.946 
Tilted value 4 0.025±0.042 0.032±0.047 0.173 
Refractive error -1.43±1.50 -7.72±1.37 0.000 
 
Table 3.9 Comparison of Tilt Values in Glaucoma Subjects, With & Without High Myopia 
  Glaucoma Subjects 
  No-high myopia p value High Myopia 
tilted value 1 0.081±0.060 0.133±0.128 0.021 
tilted value 2 0.068±0.075 0.106±0.143 0.136 
tilted value 3 0.004±0.063 0.008±0.103 0.792 
tilted value 4 0.032±0.062 0.049±0.102 0.065 
Refractive error 0.453±1.92 -8.16±3.55 0.000 
 
There is a significant difference in TV1 between patients with and without high 
myopia, regardless of the presence of glaucoma. This difference was not found in the 
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Table 3.10 Comparison of Tilt Values in Non-highly myopic Subjects, Normal & Early glaucoma 
  Non-highly myopic Subjects 
  Normal  Early glaucoma p value 
tilted value 1 0.124±0.060 0.081±0.060 0.001 
tilted value 2 58 2 0.070±0.0 0.068±0.075 0.88
tilted value 3 0.021±0.046 0.032±0.062 0.123 
tilted value 4 0.025±0.042 0.004±0.063 0.502 
Refractive error -1.43±1.50 0.453±1.92 0.007 
 
able 3.11 Comparison of Tilt Values in Non-highly myopic Subjects, Normal & Early glaucoma T
  Highly myopic Subjects 
  Normal  Early glaucoma p value 
tilted value 1 0.194±0.121 0.085 0.133±0.128 
tilted value 2 62 4 
r 
0.082±0.0 0.106±0.143 0.46
tilted value 3 0.020±0.051 0.008±0.103 0.553 
tilted value 4 0.032±0.047 0.049±0.102 0.372 
Refractive erro -7.72±1.37 -8.16±3.55 0.604 
 
 non-highly myopic subjects, there is a significant difference in TV1 between In
patients with and without glaucoma. On the other hand, same difference was not 
found in the highly myopic subjects with and without glaucoma. The other 3 
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3.2 Relationship between Various HRT parameters 
he interrelationships between some important HRT parameters were evaluated 
een the high myopia group and without high myopia group 
 
T
using the correlation coefficients. These important parameters include: disc area, cup 
area, rim area, cup/disc ratio, cup volume, rim volume, mean cup depth, height 
variation contour, cup shape measure, retinal fiber layer thickness, reference height, 
refraction and Tilt Value 1. 
Because the mean age betw
for both normal and glaucoma subjects were significantly different, the interrelationships 
among the age and important HRT parameters was also calculated to find whether the 
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Table 3.12 Relationship between HRT parameters in the normal 
non-glaucomatous group 
 CA Ref TV1 RA C/Dr CV RV MCDth HVC CSM RNFLt RF 
DA 0.810 0.622 0.578 0.634 04 -0.434 -0.141 0.068 -0.043 0.377 -0.330 0.4 -0.539 
 0.000 0.000 0.000 0.000 001 0.000 0.252 0.582 0.000 
A  0.045 0.921 0.896 -0.467 0.724 -0.458 0.560 -0.220 0.295 
 0.730 0.002 0.006 0.
C -0.611 -0.586 
  0.716 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.072 0.015 0.000 
RA   -0.244 -0.116 0.551 -0.323 0.049 -0.058 0.075 0.053 -0.278 -0.137 
   0.045 0.345 0.000 0.007 0.693 0.636 0.543 0.666 0.022 0.267 
C/Dr    0.843 -0.648 0.823 -0.509 0.575 -0.666 -0.226 0.436 -0.587 
    0.000 0.000 0.000 0.000 0.000 0.000 0.064 0.000 0.000 
CV     -0.405 0.855 -0.325 0.460 -0.469 -0.186 0.288 -0.472 
     0.001 0.000 0.007 0.000 0.000 0.128 0.017 0.000 
RV      -0 0 -0 0 0 -0.384 .762 .388 .824 .476 .414 0.615 
      0.001 0.000 0.001 0.000 0.000 0.000 0.000 
MCD       -0 0 -0 0 0.170 .438 .303 .027 .379 -0.299 
       0.167 0.000 0.012 0.825 0.001 0.013 
HVC        -0 0 0 -0.405 .915 .715 .275 0.849 
        0.001 0.000 0.000 0.023 0.000 
CSM         -0 -0 0.494 .245 .159 -0.335 
         0.000 0.044 0.196 0.005 
RFLT          0 -0.638 .340 0.885 
          0.000 0.005 0.000 
RH           -0.275 0.560 
           0.023 0.000 
Ref            -0.343 
            0.004 
 
A: disc area,                       CA: cup area,                       RA: rim area,  D
C/Dr: cup/disc ratio,                 CV: cup volume,                   RV: rim volume, 
MCD: mean cup depth,     HVC: height variation contour,      CSM: cup shape measure,  
RFLT: retinal fiber layer thickness,                                RH: reference height,  
R e f :  r e f r a c t i o n ,                     T V 1 :  T i l t  V a l u e  1 
: Negative correlation.                                    







Chapter 3 Result 
Table 3.13: Relationship between Age and TVs in the normal non-glaucomatous group 
  TV1 TV2 TV3 TV4 
Age -0.129 0.087 -0.025 0.073 
  0 0 0 0.295 .481 .838 .554 
The upper numbers in each cell is the Pearson’s c on coeffici
 the normal non-glaucomatous subject group: 
ng parameters: rim volume
orrelati ent. 
The lower, italicised number in each cell is the corresponding p value. 
 
In
1. TV1 has positive correlations with followi , height 
variation contour, retinal nerve fiber layer thickness, reference height.  
TV1 has negative correlations with following parameters: 2. disc area, cup area, 
cup/disc ratio, cup volume, mean cup depth, cup shape measure, and refraction. 
TV1 has no correlation with following parameters: 3. rim area. 
4. Age has no correlation with all of the 4 TVs. 
 
Two plots (Fig 3.3 and Fig 3.4.) follow, each being an example of a positive and a 
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Rim volume: rim volume                            TV : tilted value 1 
 1 (positive correlation) 
1
Pearson correlation: 0.615     p<0.000 















MCD1: mean cup depth in temporal side                    TV  tilted value 1 
 temporal side against Tilt Value 1 (negative 
1:
Pearson correlation: -0.36   p 0.002 
Figure 3.4 Plot of mean cup depth in
correlation) 
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Table 3.14 Relationships between HRT parameters in the glaucoma group 
 CA RA C/Dr CV RV MCDth HVC CSM RNFLt RH Ref TV1 
DA -0.136 0.798 0.512 0.452 0.529 0.107 0.265 -0.053 0.291 -0.202 -0.101 -0.290 
 0.000 0.000 0.000 0.000 0.321 0.013 0.624 0.006 0.060 0.350 0.206 0.006 
A 09 0 70 52 5 9  19 20 C  -0.1 0.87 0.7 -0.3 0.548 -0.14 0.56 -0.407 -0.2 0.0 -0.367 
  0.311 0.000 0.000 0.001 0.000 0.179 0.000 0.000 0.040 0.850 0.000 
RA   -0.495 -0.226 0.679 -0.345 0.119 -0.331 0.248 0.146 -0.253 0.046 
   0.000 0.034 0.000 0.001 0.269 0.002 0.020 0.175 0.017 0.671 
C/Dr    0.721 -0.641 0.613 -0.256 0.591 -0.553 -0.316 0.172 -0.444 
    0.000 0.000 0.000 0.016 0.000 0.000 0.003 0.109 0.000 
CV     -0 0 -0 0 -0 -0 0.255 .869 .037 .516 .234 .090 .077 -0.235 
     0.017 0.000 0.730 0.000 0.028 0.405 0.475 0.028 
RV      -0 0 -0 0 0 -0.098 .632 .259 .782 .641 .368 0.570 
      0.362 0.000 0.015 0.000 0.000 0.000 0.000 
MCD       0.188 0.445 0.083 0.172 0.066 0.040 
       0.079 0.000 0.443 0.108 0.543 0.713 
HVC        -0 0 0 -0.133 .634 .698 .320 0.558 
        0.218 0.000 0.000 0.002 0.000 
CSM         -0 -0 0 -0.090 .175 .106 .078 
         0.103 0.324 0.468 0.405 
RFLT          0 -0.796 .251 0.861 
          0.000 0.018 0.000 
RH           -0.373 0.739 
           0.000 0.000 
Ref            -0.289 
            0.006 
 
A: disc area,                       CA: cup area,                       RA: rim area,  D
C/Dr: cup/disc ratio,                 CV: cup volume,                   RV: rim volume, 
MCD: mean cup depth,     HVC: height variation contour,      CSM: cup shape measure,  
RFLT: retinal fiber layer thickness,                                RH: reference height,  
R e f :  r e f r a c t i o n ,                     T V 1 :  T i l t  V a l u e  1 
: Negative correlation.                                    
: Positive correlation.    
The up the Pearson’s correlation coefficient. per number in each cell is 
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In the glaucomatous subject group (including both highly myopic and non-highly 
ive correlations with following parameters: rim volume
myopic patients): 
1. TV1 has posit , height 
variation contour, retinal nerve fiber layer thickness, reference height.  
TV1 has negative correlations with following parameters: 2. disc area, cup area, 
cup/disc ratio, cup volume, and refraction. 
TV1 has no correlation with following pa3. rameters: rim area, mean cup depth, 
and cup shape measure. 
 
wo plots (Fig 3.5 and Fig 3.6.) follow, each being an example of a positive and a T































Ref height: reference height                                 TV1: tilted value 1  
 (positive correlation) 
 
Pearson correlation: 0.739   p: 0.000         















C/D Ratio: Cup/Disc ratio                                    TV : tilted value1 
ilt value 1 (negative correlation). 
1
Pearson correlation: -0.444    p: 0.000 
Figure 3.6 Plot of cup/disc area ratio vs. t
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3.3 Diagnostic Ability of HRT-II 
.3.1 Clinical diagnostic ability of HRT-II to differentiate early open-angle 
our methods were used in this study to evaluate the clinical diagnostic ability of 
1. The discriminate analysis formula developed by Mikelberg et al. 
 Eye Hospital by 
4. minate analysis formulas developed in NUH for this project to 
 
Mikelberg’s Formula, which is based on non-highly myopic subjects’ data, was 
 10.514 × HVCn – 8.28 
us 
 : mean cup depth on temporal side 
 
3
glaucomatous ONH from normal ONH 
 
F
HRT-II. They were: 
 
2. The discriminate analysis formula developed by Burk et al. 
3. The regression analysis formula developed in Moorfields
Wollfein et al. 
Two new discri
differentiate the glaucomatous ONH from normal ONH. One formula is for 
without highly myopic subjects, the other is for with highly myopic subjects.  
used for the corresponding subject group. 
A = 10.911 × R/D ratio + 9.605 × MCDt –
When A>0, the optic nerve head was considered to be normal; 
When A<0, the optic disc head was considered to be glaucomato
R/D ratio : Rim/Disc area ratio                             MCDt
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HVCn: Height variation contour on nasal side                                      
 
Burk’s Formula, which is based on highly myopic subjects’ data, were used in the 
n+51.933×CVsn-16.039×HVCst+11.833×HVCsn-4.7
nerve head was considered to be normal; 
us. 
isc ration in superior nasal section 
he sensitivity, the specificity, and the diagnostic precision of the 4 methods are 
 Specificity, sensitivity, and diagnostic precision of HRT-II 
  
corresponding subject group. 
A=-7.481×RAt-11.019×C/Ds
91×CSMit+4.48 
When A>0, the optic 
When A<0, the optic disc head was considered to be glaucomato
RAt: Rim area in temporal section                    C/Dsn: Cup/d
CVsn: Cup volume in superior nasal section      CSMit: Cup shape measure in inferior temporal section  
HVCst: Height variation contour in superior temporal section 
HVCsn: Height variation contour in superior nasal section 
 
T
shown in Table 3.15 
Table 3.15
Clinical Diagnosis 
  Mikelberg Burk Moorfields NUH  
Non highly myopic group     
Specificity  
4.0% 7.0% 9.0% 5.0% 
precision 
pecificity 0.0% 0.0% 0.0% 5.0% 
5.o% 8.0% 6.0% 2.5% 
precision 
69.0% 88.0% 75.0% 77.0% 
Sensitivity 5 2 6 7
Diagnostic 61.5% 58.0% 72.0% 76.0% 
     
Highly Myopic group     
S 9 9 9 8
Sensitivity 4 4 4 8
Diagnostic 67.5% 69.0% 68.0% 83.3% 
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ROC Curve

















        
Figure 3.7 ROC (receiver operated characteristic) curves generated for the formula used in 
this study (red line), Burk’s formula (blue line) and Mikelberg’s formula (green line). 
 
Area under the ROC curve is at table 3.16.  
Table 3.16 Area under the ROC curve 
Burk Formula  Mikelberg 
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Chapter 4 Discussion 
 
Since optic nerve head and retinal nerve fiber layer changes precede visual field defects 
in glaucoma patients [49, 51]. Many investigators & clinicians accept that evaluation of the 
optic nerve head may have equal or better sensitivity than visual field testing for early 
detection of glaucoma [50, 52]. Many methods are currently employed in the examination 
of optic nerve head [53, 54, 55, 56]. They include stereo photography, ophthalmoscopy, 
computerized image analysis, nerve fiber layer analysis and so on. The HRT-II is a 
confocal laser scanning system designed for the acquisition and analysis of three-
dimensional images of the posterior segment. It enables the quantitative assessment of 
the topography of ocular structures and the precise follow-up of topographic changes [31, 
34]. Of the 3 main optic nerve head imagers used in glaucoma clinics worldwide ( the 
other 2 are the scanning laser parameter and the optic coherent tomography ), the HRT 
is the most studied and validated modality, In Singapore, it is also the most popularly 
used means of optic nerve head imaging in our study. 
 
4.1 Optic Nerve Head Morphology in High Myopic Early Open-Angle 
Glaucoma 
 
As mentioned on Part 1 (Introduction, page 1-4), the rim corresponding to the maculo-
papilliary bundle is the thickness area. The principle of the HRT assumes that this is the 
last area that is thinned out in glaucomatous damage. It is from the surface of the 
temporal rim corresponding to the maculo-papillary bundle that the scanner determines 
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the assumed stable retinal height, to use as a baseline for measurement & follow-up 
comparison. 
 
However, we feel (and the many researchers and most investigators concur) that any 
disc tilt will introduce significant error into the standard HRT-II protocol.   
 
It is probable that: the greater the tilt angle, the less accurate the HRT-II becomes. 
 
A common clinical observation in myopia is the presence of a white crescent on the 
temporal side of the disc, because the retina and choroids do not quite reach the disc on 
that side, probably as a consequence of oblique insertion. Sometimes, both the retina 
and choroid are visible as arcs or rings around the optic disc. As a result, the temporal 
side of the disc is thinner than the nasal side of the disc. If a highly myopic patient also 
has primary open angle glaucoma, his/her ONH will show additional evidence of 
glaucomatous damage, usually in the form of thinning of the superior and/or inferior 
neuroretinal rim, besides degenerative myopia. 
 
4.1.1 The optic nerve head in highly myopic patients is more tilted than that 
in non-highly myopic patients 
 
To quantify the degree of disc tilt in most highly myopic ONH, a simple gradient function 
was used: the difference in retinal nerve fiber thickness between the nasal and temporal 
sides was divided by diameter of the optic disc, to obtain the angle of slant of the 
“hypotenuse”.  
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Because the laser rays used for HRT can not penetrate tissue, this limits its 
function to calculate the RNFL thickness. Actually, the HRT measure RNFL 
thickness indirectly by calculating the mean distance between the retinal 
surface along the contour line and the reference plane. It undermines the 
validity of HRT parameter on RNFL thickness. Other techniques, such as OCT, 
may be more useful for measurement of RNFL thickness. Being a clinical 
application, HRT can only provide the characters of disc image other than 
that of histological anatomy and this is also a limitation of this study. The 
optic disc tilt could be attributed to several factors, such as atrophy of RNFL, 
atrophy of choroids, postnatal stretching of scleral tissue and so on. In this 
study, optic disc tilt evaluation was based on all of the above factors other 
than the difference in retinal nerve fiber thickness between the nasal and 
temporal sides. Further study using other methods could be done to 
investigate which factors are important in causing the optic disc tilt. 
 
I would like to point out that the HRT measure RNFL thickness indirectly by 
calculating the mean distance between the retinal surface along the contour 
line and the reference plane, so the difference in retinal nerve fiber thickness 
between the nasal and temporal sides used in our measurement is not the really 
difference reflected by the histological anatomy. Four such values representing 4 
different axes on the disc (Figure 3.2, page 47) were calculated and compared in ONHs 
with & without high myopia. We named them tilt value (TV) in our study.  
 
 64
Chapter 4 Discussion 
The TV (tilt value) is a set of new parameters that were introduced in present study. I 
would like to point that the research version of confocal laser scanning ophthalmoscope-
HRT can provide two parameters related to the tilted angle. However, these two 
parameters are different to the tilt values that used in this study.  They reflect the tilt of 
an image plane which is represented by a reference ring [86] .  In HRT, a reference ring is 
defined as: without any interaction of the investigator, the average height of a reference 
ring is calculated on each topographic image. The width of this reference ring is 8 pixels, 
the outside diameter is 240 pixels (Figure 4.1). 
 
 
Figure 4.1: A reference ring in HRT (from Heidelberg engineering). 
 
Our analysis confirmed significant disc tilt in high myopia, regardless of the presence of 
open-angle glaucoma. The tilt inclined from nasal side down towards the temporal side. 
In the non-glaucomatous groups, the mean value of TV1 in highly myopic patients was 
0.194 (SD 0.121) greater (p=0.021) than the mean TV1 in those without glaucomatous 
group [0.124 (SD 0.060)]. In the glaucomatous group, the mean value of TV1 in the 
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highly myopic patients was 0.133 (SD 0.128) greater (p=0.021) than the mean TV1 in 
those without high myopic [0.081 (SD 0.060)]. 
 
This tilt was not found in other 3 axes. There was no significant difference of TV2, TV3 
and TV4 between high myopic and non-high myopic ONH.   
 
Pearson’s correlation between the TV1 and the refraction revealed significant negative 
correlation (Pearson’s correlation coefficient -0.343, p=0.004). This supports the clinical 
impression that TV1 increases with greater degree of myopia.  
 
When comparing the tilt values in all meridians between non glaucoma 
subjects with high myopia and glaucoma subjects with high myopia, we did 
not find any difference in all of the 4 TVs between two groups. 
 
When comparing the tilt values in all meridians between non glaucoma 
subjects with non-high myopia and glaucoma subjects with non-high myopia, 
it is interesting to find that tilt value 1 was significant different between the 
two groups. This may be due to the difference of refractive error between 
two groups because the significant correlation was found between the TV and 
refractive error. The mean value of refractive error in non-high myopia 
without glaucoma [-1.43 (SD 1.50)] was higher (p=0.007) than in those with 
glaucoma (see table 3.10, in page 50). On the other hand, same difference 
was not found in the highly myopic subjects with and without glaucoma. The 
other 3 directions of tilt measured by TV2, TV3 and TV4 were not found any 
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difference. 
 
It looks like that the glaucoma would not effect the optic disc tile either in the 
non-high myopes or in high myopes. This suspects the TV as a non glaucoma 
affected value which is useful for detecting the amount of disc distortion.  
 
HRT also provides some parameters that relate to the optic disc tile, such as 
maximum contour elevation and maximum contour depression. In HRT, 
maximum contour depression is defined as location of the deepest point of 
the retinal surface along the contour line, measured relative to the mean 
height of the peripapillary retinal surface.  
 
In the non-glaucomatous groups, the mean value of maximum contour depression in 
highly myopic patients was 0.440 (SD 0.139) greater (p=0.006) than the mean that in 
those without glaucomatous group [0.353 (SD 0.101)]. In the glaucomatous group, the 
mean value of maximum contour depression in the highly myopic patients was 0.471 
(SD 0.170) greater (p=0.000) than the mean that in those without high myopic [0.360 
(SD 0.095)]. 
 
In highly myopic optic disc, due to oblique discs and temporal crescents, the oblique 
side of the retinal surface along the contour line should be deeper than that in 
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The maximum contour elevation is defined as location of the highest point of 
the retinal surface along the contour line, measured relative to the mean 
height of the peripapillary retinal surface. In this study, we did not find any 
significant difference of maximum contour elevation between non-high 
myopia and high myopia.  
 
In previous studies, age showed only significantly correlation to the mean 
RNFL thickness and RNFL cross-section area using HRT[36, 75]. Other studies 
have reported that cup area or cup/disc increases with age[75]. However, all of 
the above correlation is very weak. In our studies, the mean age between 
the high myopia group and without high myopia group for both normal and 
glaucoma subjects were significantly different. To investigate correlation 
between the age and optic disc tilt, Pearson’s correlation coefficient was 
calculate. No significant difference was found between the age and TVs (see 
table 3.13, page 52).  
 
 
4.1.2 The optic nerve head cupping in highly myopic patients with early open 
angle glaucoma. 
 
Glaucoma causes changes of the optic cup [61, 62, 63, 64, 65]. Such glaucomatous cupping 
can also be found in highly myopic patients with early open angle glaucoma [23, 24]. The 
HRT-II calculates a standard set of parameters which are related to the optic cup. They 
are: cup area, cup/disc area ratio, linear cup/disc ratio, cup volume, mean cup depth 
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and maximum cup depth. In this study, all of these parameters showed a significant 
difference between the highly myopic group with early open angle glaucoma and the 
non-highly myopic group with early open angle glaucoma. 
 
The mean value of cup area in high myopes with early glaucoma [1.057 (SD 0.806)] 
was greater (p=0.001) than in those without high myopia [0.449 (SD 0.536)].  
 
The mean value of cup/disc area ratio in high myopes with early glaucoma [0.360 
(SD 0.201)] was greater (p=0.001) than in those without high myopia [0.170 (SD 
0.153)]. 
 
The mean value of linear cup/disc ratio in high myopes with early glaucoma [0.565 
(SD 0.201)] was greater (p=0.000) than in those without high myopia [0.356 (SD 
0.214)]. 
 
The mean value of cup volume in high myopes with early glaucomatous group [0.228 
(SD 0.260)] was greater (p=0.038) than in those without high myopia [(SD 0.187)].  
 
The mean value of mean cup depth in high myopes with early glaucomatous group  
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The mean value of maximum cup depth in high myopes with early glaucomatous 
group [0.621 (SD 0.231)] was greater (p=0.018) than that in those without high myopia 
[0.479 (SD 0.163)]. 
 
In summary, the optic cup in highly myopes with early glaucoma has a larger and 
deeper cup and a higher cup/disc ratio than those high myopes without early glaucoma.  
 
4.2 How Does Optic Nerve Head Tilt in Highly Myopic Patients 
Influences the HRT-II Parameters? 
 
As we had mentioned before, the ONH morphology in high myopes has its distinguishing 
characteristics. ONHs of this type are tilted (obliquely implanted) with a shallow 
appearance, have myopic temporal crescents of PPA (as with non glaucomatous myopic 
optic discs). These features may influence the results of HRT-II exam. Then we should 
take them into account when we use HRT-II to evaluate suspected glaucomatous 
patients with high myopia, because the HRT’s parameters may be altered by the specific 
shape of ONH in such subjects.   
 
In a resent report by Nakamura et al [74, 75], it was concluded that age, refraction, and 
disc area were related to several optic disc parameters obtained by HRT. Our results are 
compatible with these reports. Using Pearson’s correlation coefficient, we found that 
many of the HRT parameters are correlated with each other, so there is a “knock-on” 
effect from one parameter to another.  
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My study groups have high percentage of highly myopic patients. It is not a so called 
“normal population”, hence, it is not directly comparable to earlier study. However, 
these interrelationships illustrate the significant effect that myopia and angle can have 
on HRT parameters. 
 
We found that TV1 has a significant relationship with almost all of the HRT-II’s 
parameters.  TV1 has significantly positive correlations with: rim volume, high variation 
contour, retinal nerve fiber layer thickness, and reference height.  
 
We also found that TV1 has significantly negative correlations with: disc area, cup area, 
cup/disc area ratio, cup volume and refraction. 
 
4.2.1 The TV1 has significant positive correlations with following HRT 
parameters: reference height, rim volume, high variation contour and retinal 
nerve fiber layer thickness.  
 
4.2.1.1 Reference height 
 
In the HRT software, reference height is defined as the location of the reference plane, 
relative to the mean height of the peripapillary retinal surface. It reflects the position of 
reference plane in different eyes.  
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The reference plane is used as a cardinal landmark in the definition of many HRT 
parameters such as: rim area, rim volume, cup area, cup volume, C/D ratio and RNFL 
cross section area.  
 
So far, several reference planes have been developed. They included: 
 
1. Standard reference plane developed by Burk et al: This plane is set 50 um 
posterior to the mean contour line height between 350˚ and 356˚ on the 
contour line [43], i.e. in a temporal maculo-papillary sector of the rim. This is 
employed in standard HRT-II software.  
 
2. The 320-um reference plane developed by Heidelberg company: This plane was 
offset 320um posterior to the height of the reference ring. The reference ring is 
centered on the image frame and located in its periphery, with an outer diameter  
of 94% and a width 3% of the image size, and is the zero-referencing region for 
pixel height [46]. 
 
3. A new experimental reference plane developed by Tan et al [71, 72, 73]: This plane 
is customized to the morphology of each ONH. The position of the reference 
plane relative to each ONH is kept constant in any image series and is defined as  
REF=MHC + LOW5% + R 
Where MHC is mean height of the contour line, LOW5% is the average of the 
ONH contour line’s lowest 5% of heights calculated from the constituent 
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topographies of a baseline mean image, and R is the level of the reference plane 
below LOW5% where variability is least. 
 
The use of above different reference planes is still controversial. Other investigators 
have tried to develop other methods of setting a reference plane [71, 72, 73], but with 
limited success & utility. The sole use of the HRT may be inadequate to set an ideal 
reference plane.  
 
In present study, the reference height shows great variability between ONHs with and 
without high myopia. The tilt of the ONH is one important reason that causes this. A 
tilted disc can severely influence the location of reference plane and depresses it, as we 




                                   Normal Disc                                     Tilted Disc 
Figure 4.2 reference height 
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Because parapapillary atrophy often occurs in the highly myopic ONH, the mean contour 
line height between 350˚ and 356˚ on the contour line will be also depressed. As a 
result, the reference height in the highly myopic group will be greater than that in non-
high myopia groups. This hypothesis is in perfect agreement with our study. Our data 
shows that TV1 has a significant positive correlation with the reference height (Pearson’s 
correlation coefficient 0.560, p=0.000). Because high myopes have a larger TV1, the 
reference height would also be larger. 
 
The significant variability of in reference heights indicates an important need to re-
define and possibly even individually customize the position of reference plane for high 
myopes in future studies. 
 
4.2.1.2 Rim volume 
 
Rim volume is the volume above the reference plane and within the contour line. Once 
again, this reference plane is posteriorly projected 50 um below the papillo-macula 
bundle. In high myopes, oblique discs and temporal crescents, the reference plane will 
be depressed. As a result, the volume above the reference plane will increase. In other 
words, the rim volume might be overestimated. Our findings also agree with the 
previous studies of Broadway and Yamazaki [59, 60]. 
 
In the non-glaucomatous groups, the mean value of rim volume in highly myopic 
patients was 0.533 (SD 0.229) greater (p=0.007) than that in those without 
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glaucomatous group [0.373 (SD 0.126)]. In the glaucomatous group, the mean value of 
rim volume in the highly myopic patients was 1.617 (SD 0.471) greater (p=0.013) than 
that in those without high myopic [1.382 (SD 0.400)] (see table 3.4 and 3.5). 
 
 
4.2.1.3 Retinal nerve fiber layer thickness 
 
The HRT-II-measured retinal nerve fiber layer thickness is not equivalent to anatomical 
nerve thickness. HRT-II’s software defines the retinal nerve fiber layer thickness by 
calculating the mean layer thickness above the reference plane, so it is different from 
the similar data calculated by other technologies such as OCT which do not require the 
use of a reference plane.  
 
Our data shows the TV1 will significantly influence the measurement of retinal nerve 
fiber layer thickness and a significantly positive correlation was found between these 
two parameters. That means that, for an obviously oblique ONH with a high TV1, the 
retinal nerve fiber layer thickness may be overestimated. 
 
4.2.2 The TV1 has significant negative correlation with following HRT’s 
parameters: disc area, cup area, cup/disc area ratio and cup volume. 
 
4.2.2.1 Disc Area 
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The appearance of the optic disc varies among individuals and ethnicity. Hence, it is 
very difficult to define a “normal optic disc”. Jonas and Naumann reported a range of 
normal disc areas of 1.29 mm-4.09mm based on an analysis of 571 normal eyes [57].  In 
another study, Tsai et al reported that African-Americans have significantly larger optic 
discs than Caucasians [58]. 
 
Jonas et al also found that the optic disc was significantly larger in the highly myopic 
group than in the non-high myopic group [23, 24] using stereo photography. He also 
inferred that the postnatal enlargement of the globe in highly myopic eyes stretches the 
optic disc, leading to an acquired or secondary macrodisc. Similar findings had also been 
reported in other study [23, 24, 59, 60]. Recently, Yamazki et al [59, 60] used the confocal laser 
scanning ophthalmoscope to study the ONH morphology in glaucoma patients with high 
myopia. They reported that disc area was not significantly different between myopic and 
non-myopic optic nerve heads. Our result is agreement with this, although the myopic 
refraction in his study was smaller than in our study.  
 
The reason for this difference may be that the HRT-II calculates the disc area by 
incorporating the total number of pixels within the confines of the contour line and the 
reference plane (Figure 4.3).  
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Figure 4.3: Disc area (from Heidelberg engineering) 
 
As we known, the most characteristic shape of the myopic disc is that it is tilted from the 
nasal to the temporal side, so that there have an angle between the reference plane and 
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We can see more clearly in blew figure (figure 4.6). The orange color area represents 
the actual disc area. The disc plane is not exactly parallel to the reference plane. HRT 
calculates the disc area two-dimensionally as the total pixels within the contour line. 
That means the disc area that is calculated by the HRT is only the plane that the actual 
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4.2.2.2 Cup area, cup/disc ratio and cup volume 
 
The cup/disc ratio is widely used in the assessment of the glaucomatous suspect [63, 64, 66, 
67].  This ratio has only limited value in the identification of glaucomatous ONHs because 
it varies widely in the cup/disc ration in normal population [64, 68, 69, 70].  
 
In HRT’s software, cup area, cup/disc ratio and cup volume are based on the reference 
plane. If the location of reference plane is changed due to ONH tilt, then these 3 
parameters would also be altered. In the present study, significantly negative 
correlations were found between them and TV1.  
 
Although in our study, most of the HRT-II parameters were found to be influenced by 
the tilt value, there still have other parameters which show independent to the TV.   
Caprioli and Miller used a computerized image analysis system and reported that rim 
area was unaffected by disc area [76]. They suggested rim area should be considered to 
be a good parameter for evaluating disc shape irrespective of age, refraction, or disc 
area. In present study, we included the refraction error to above -6.0D; we found the 
rim area was no significantly correlation to the TV 1 (Pearson’s correlation coefficient -
0.137, p=0.267). The result shows agreement with above reports.  
 
4.3 The Diagnostic Ability of HRT 
 
The HRT generates a large number of measurement parameters. Several authors have 
looked at these parameters in detail to determine which are of use to distinguish 
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between normal and glaucomatous optic discs. Nearly all of these studies excluded high 
myopes. Various approaches to data analysis have been taken: the generation a 
discriminant function from the normal and glaucomatous groups [46, 77, 78] , a comparison 
of the contour of the peripapillary surface [79], and the generation of confidence intervals 
for NRR area with respect to ONH size from a normal population [80]. 
 
In such studies, it is important to take account of the severity of disease in the 
glaucoma group, and also the method by which the normal and glaucomatous eyes 
were selected. Some studies required the appearance of the ONH to be consistent with 
the diagnosis (normal or glaucoma) [77,79], whereas others specifically excluded ONH 
appearance as a restriction criterion in favor of visual field parameters [46,80]. Requiring a 
certain appearance of the ONH at the outset of a study will obviously bias the outcome. 
The studies that differentiate between normal and glaucoma subjects by means of a 
discriminant function are particularly vulnerable to this type of bias. In this study, 
inclusion of the eyes was based on the abnormal visual field criteria and not optic 
nerve head appearance. 
 
Another reason for reduced rates of sensitivity and specificity is the pronounced inter-
individual variability of all optic nerve head variables measured. Similar results have 
been obtained when optic disc variables were measured by planimetry of stereo optic 
disc photographs in previous studies. Furthermore, normal and early glaucomatous 
ONHs show considerable morphological overlap. This phenomenon can been found in 
many other quantitative biological variables, such as body height and weight. Ethic 
difference in the appearance of the optic nerve head is also an important reason which 
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affects the relatively poor precision of HRT-II. Clark S. Tsai et al found that disc area, 
cup volume, maximal cup depth, and vertical cup-disc ratio were largest in African-
Americans, intermediate in Asians and Hispanics, and smallest in whites [55]. They 
recommended taking into account ethnic differences when evaluating the optic nerve 
head for glaucoma.  
Table 4.1 the sensitivity and specificity in other study (from www.eyetext.net) 
 Specificity (%) Sensitivity (%) Visual field MD (dB) 
Mikelberg et al, 1996  84 87 -5.53 
Iester et al, 1997 88 74 -8.33 
Bathija et al, 1998 94 62 <-10.00 
Uchida et al, 1996 92 91 -4.80 
Wollstein et al, 1998 96 84 -3.62  
Caprioli et al, 1998 85 83 -4.80 
 
The results in Table 4.1 demonstrate that the HRT is able to differentiate between 
normal and glaucomatous eyes with a high degree of accuracy, despite the foregoing 
discussion. However, in order to demonstrate that the machine has a place in clinical 
practice, it needs to be shown how it performs in comparison to clinicians. Clinical 
evaluation of the optic nerve head is notoriously subject to variation between observers, 
and the development of imaging and measurement techniques has brought the prospect 
of greater objectivity and accuracy in the measurement of optic disc features and 
related anatomy. The HRT was pitted against to ‘expert’ clinicians in one report [80]. The 
highest specificity and sensitivity for a single human observer in this study were 85% 
and 78%, respectively, which compared with 96% and 84% for the HRT. The HRT, here, 
was shown to be at least as good as clinicians.  
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Of greater relevance to my study is the general agreement that the sensitivity of the 
HRT decreases in eyes with myopic discs compared to those with non-myopic discs. In a 
recent report, Yoshio Yamazaki and his colleague used the discriminant function 
generated by Mikelberg et al and found the sensitivity, specificity, and diagnostic 
precision of HRT were 83%, 95% and 89% in eyes with non-myopic disc shapes, but 
71%, 96% and 83% in those with myopic disc shape [59, 60]. Their values were better 
than other report including my study which nonetheless shared a similar pattern. 
However, the mean refraction in Yamazaki’s study for normal subjects and glaucoma 
subjects with myopia were only -1.55D and -5.51D respectively. In my study, subjects 
with far higher refractive error (beyond -6.0D) were recruited. That may explain the 
apparently poorer diagnostic precision when compared to the other trials.  
 
In the early stages of the disease, glaucomatous optic nerve damage leads to changes 
predominantly in individual disc sectors, which will be detected more sensitively in a 
sector based strategy than in a strategy examining the whole optic disc area [80, 81, 82] . 
Many authors have reported that optic disc sector based discriminant formula has a 
higher diagnostic precision than other formulas in detecting early glaucomatous damage 
[45, 80], except in small discs. In present study, we adopted the same strategy. There has 
difference of parameters and constant between our formula and previous formula.  
 
Based on our database, Mikelberg and Burk’s formula had poor diagnostic precision 
especially in high myopic subjects. The main reason may be the significantly different 
ONH morphology between the highly myopic and non-highly myopic subjects. To 
overcome this problem, two different formulas were used independently in each group. 
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Another reason may be ethnic differences in the appearance of the optic nerve. The 




According to this study, eyes show morphologic characteristics difference between a 
high myopic refraction error of more than -6 Diopters and non-high myopic which 
included moderate to low myopia and hyperopia. This difference exists not only in 
normal subjects but also in early open-angle glaucomatous subject.  
 
The Tilted Value had a significant influence on nearly all of the HRT parameters. It also 
significantly affects the HRT’s measured values. In highly myopic ONHs, the most tilt of 
ONHs in myopes occurs in the naso-temporal meridian. 
 
 Using multivariate analysis and taking into account the tilt value and refraction, we may 
be able to improve the diagnostic precision of the HRT. 
 
4.5 Future Work 
 
Further studies, involving larger numbers of patients in each group, will be needed to 
validate this pilot project. 
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Based on this study’s findings and formulations, we can make several recommendations 
to modify the software of the HRT-II to improve its diagnostic precision when we use it 
to scan highly myopic patients: 
 
• Individualized reference planes to avoid over and under-estimation of the many 
HRT parameters.  
 
• Automatic calculation of our proposed tilt value, so that we can characterise the 
ONH better. 
 
• Incorporation of a new discriminant formula into its analysis software to improve 
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